Memo to: TIDI

From: W. R. Skinner

Date: September 5, 2003

Subject: Revised VECTOR wind agorithm
TIDI memo: 055-4263b

[. Introduction

This memo presents a simple algorithm that can be used to determine vector
winds from line of sight velocities. This agorithm supercedes the one described in TIDI
document 055-4079.

[1. Zonal and Meridional Wind from line of sight winds
Theline of sight (vies) Wind is related to the zonal (u) and meridional (v) wind by

Vs =—usin® —vcosd

where @ is the look direction at the tangent point from north. Four measurements, two
from forward views and two from backward views that bracket the desired location are
used in the analysis as shown in figure 1.

Between measurements, the zonal and meridional winds are assumed by vary
linearly:

u@®,) =u, +ob,
v(8,) =V, +p6,

where 6; is the tangent point track angle and uo, Vo, o, B, are coefficients that describe the
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Figure 1. Illustration of the observational geometry
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linear trend. Once these are determined, the desired wind components can be calculated.
The four measurements can be expressed:

Vigs1 = —U,; SIN®, — Vv, cosd,

Vi =—U,SIN®, —Vv, cosd,
Viss = —UySIN®, — v, cosD,
Vs =—U,SIN®, —v, cosd,.

Substituting the linear equations for u and v give

~—~

Vlos,l = _(uo + OCet,l)smq)l —Wot Bet,l)cosq)l

~—~

Vlos,z = _(uo + O(et,z )SinCI)2 i\ Betyz)COSCDZ

ornN

Vlos,3 = _(uo + (xet,s)smq)s —WVo+ BOtB)COSCDS

—_~

Viesa = _(uo + O(et,4 )SinCI)4 —WVo t BOM)COSq)‘l.

This can be written in matrix form

Vigs1 -sin®, -cos®, -6,sn®, -06,cosd, [[u,
Vigs.2 -sn®, -cos®, -6,sn®, -6.,c0sP, (v,
Vies3 B -sn®, -cos®, -0,,snd, -0 ,c08D, | o
Visa -sn®, -cos®, -0,sn®, -6 ,cosD,( B

Define
-sin®, -cos®, -6,sn®, -6,cosP, ]
-sin®, -cos®, -6,sn®, -6 ,cosd,
-sin®, -cos®, -6 ,sn®, -0 ,cosD,
-sn®, -cos®, -6,,sn®, -6, ,cosP,

Vlos,l
Vlos,2
Vlos,3

VIos,4

giving the matrix equations
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kv =k kx
x=Kk"k)'kTv

and let

K, =k™k)'k"

The four coefficients are then

4
uO = z Ki (l' j)vlos,j
j=1

4
VO = z Ki (2’ j)vlos,j
j=1

4
=D K@)V,

i1

4

B = 2 Ki (41 j)vlos,j .

=1

The interpolated values of the wind are then

u(®,) = Z(Ki (L) +6,K; B ) Vics,

v(8,) = Z(Ki (2 ) +6.K; (4 )W s

The uncertaintiesin u and v are readily determined assuming the errorsin the line of sight
Speeds are independent:

4 2
Gﬁ(e[) = z (K@) +6,K,(3])) G\zxmsyj
i1

4 2
620, = 2 (K (21 +6,K,(4) o2_.
j=1

[11. Interpolated scalar quantities
To find a scalar quantity at a desired track angle, the scalar variable at the same 4

reference positions are used. The 2 forward views that bracket the desired track angle are
interpolated, the 2 backward views are interpolated, and finally the interpolated values
are averaged. Assuming points 1 and 2 are either the forward or backward view and w is
the scalar quantity of interest, then the first interpolated valueis

W(et,l)(et - et,z) - W(et,Z)(et - et,l)
et,l - et,z

Wl(et) =

Revised VECTOR algorithm_b.doc
055-4263 3 12/2/2003 2:34 PM



The second interpolated value is

W(et,3)(et - et,4) _W(et,4)(et _et,3)
et,3 _et,4

Wz(et) =
Thisgives
w(O,) = 2 (w,(0,)+ W,(0,))

_ W(et,S)(et - et,4) - W(et,4)(et t3) W(et 1)(6 et 2) W(et 2)(9 t,l) .
Z(Gt,s - et,4 ( tl t2)
Assuming each w isindependent, the variance in the interpolated value is

2 vam (et - t4)2 _62 (et _et,3)2 Gf"eu (et - tz)z_)(s\i/e (et _et,l)z

o, = +
4,,-0..7 400,

Revised VECTOR algorithm_b.doc
055-4263 4 12/2/2003 2:34 PM



